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FOREWORD

The 1dinnel Science l'o inilla ion 11,v) been ionwed Itu more 111,11)

decodes ill on IA !ninny 1) colirelion mid iilliVl4 progra pvidninine 1111

Nuliun's science and 1 echnolou rteanirce!i. The resulling sidblRal

series mid litlil vses have been ti 1 1 1 1 na who ad andsei,

NMI) hi Humid policy formula how), have tended 1 o concenlrale on

exininnilkins 01 current siludkons ,ind pied Irends, I Iowever, ns he need hir

posgilde lot ore Irend» liecinne increasingly evidenL it modest

pwlei:1 ion !annum)) Wils started, 1 kvelopmern ol inelhodolinnes end indual

proied ions 01 gionce and engineering manpower reprosenled Inv hrsl

ouipuls in I he iiroilrani, This plibliculion reporls on)) di Ilment thrust, namely

project ion el forts in the R&D (xpiouliture domain,

This Fititijisi lik any :)1 her alkimpled projed ion ol miltittitil RC binding

patterns, cannot Lope with unprediclahle factors, such as politic perception of

he value of R&I) lir minor inlernillional iMlIIIlISlIiUI can significon !Iv flem

R&D expenditure leveld lowever; the niednulalogy used includes skulks (if

posi rein 1 ionsh ips het wenn R&D londk and 14:011011)if; varbdiles and of

the hiclors respiwilde for 1 hose relalinnships. Assessinenls Were indult! of 1 he

xlnI lo which the same Inclos !nigh' impact the system during {ohm years;

including a series of discossions VI h knowledgable Coyernment and

industry of

The oport summarizes Ihe methodology nitI brill ings til this tingly and

pow ides proiechl R&D expenditures I or the year HMS. As in imy forecast,

pittjttciitI figures depend heavily on dm assumptions mak In thIS riaW, Moult

Of IhNu iiSslImplions involve significant changes f ruin recent IrluliM Stich a

expected Mammas in constant dollar total R&D expemli lures, primarily le l

defense area. Chimges in I rend direction are also expected in Ihe sectund

distr dim ion of Federal R&D funds where Ihe long decline in the Shart, llf ftlad a

HOCiii(1.(1 to industry is expected to skip, while the previously increasing

shares of Federal intramural laboratories and ocadenlic institutions lire

assunied to nInain level There hos been hifiunl evidenu tor these treml

(hinge)) )0 ittitlil isirs, lor very 11;11041 periods of linie wlnid) RAPS

'heir (Aininiont ion um OW tier al some uncertainly. The iisstimplions used end

lilt wirii 11\11 Miii fli! iirojediel 1 el al RAH e wend nore)) lo ih em, as)winplinuis

ti sinnonnam 1 in 11:t int rodoction of thp report,

II most lie emphasi zed that prelections shoidd not be considered

predriinns heunisu mu bite denendenrc on 11 specific nun hodology and

qiralS spoci hi; assumptions whose validity is a IOW ler of subjective

judgment niisuj HMI tly,plIOEINI WM figo res should be regarded with

caution and should certainly PO lie considered as precise indicators, Instead,

they should lip used i.18 rou0 indications ol relative imigniludes of possible

Iowa! R&D levels Itis also clear that these prided ions must be reexamined

w ilhin 11 1mw years to ilstieNs whether l he rxpected changes, inherent in son

of the ossumpt ions, are indeed of a suffirienlly longderm nature In justi fy

their thP OM' I lie entire 10-year period,

11 shiwid be kepi in mind !hal I his report describes early efforts of the

Nit ionid Sedence Foundul ion In ronict RAO expendil tires. (onsequent ly, the

methodology is axperimenMI and call undoubtedly be improved! Comments

I») possible iniproyemenis will be gra Ily appreciated and would help in die

development (if fu lure projections: The Foundation wants to extend its

tppui I iltittr o die lowly hoverninoll and indostry R&D officials thin have

bendy ppin akti 191 ta! information based oil their insight and expellent).

The proiectioas I bom'in.salvts were developed in OE R&D Economic Studies

Section jWillia Stewart, Head I of the National :;cience Foundation's

Division of Seiew Resources Studies!

lune HMI

Charles E! Falk

calor, Division of Science

Resources Similes
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SUMMARY

R&D expenditures throughout the four major sectors of the

economy aro projected hi reach over $36 billion in 1985, as measured in

tenns of 1972 dollars, averaging a 3-percent annuid growth between

1974 and 1985.

I lie gradual decline in ( he ratio of R&Dexpenditures to thegross

national product [(INP) experiemd since 1964 is expected to continue

through 1985 as the GNP is projected to show a.rnore rapid increase

than R&D expenditures, By 1985 research and developrnent as a

percen t of CV is projected to fie 2,0 percent compared to the 2.2

percent expected in 1976,

Industrial R&D spendi ng is expected to grow a t an average

annual !Tile of 3,5 percent between 1974 and 1985, mainly because of

projected annual increase of 6 percent in the chemicals industry.

Nononufacturing indust ries, while representing a small shell ol the

total: are also expected to show substantial annual growth in R&D

expenditures of about 6 permn I.

Federal R&D programs arc expected to increase hy Mlle 32

penni from the $14,5 billion in1974 to $19.3 hilllon in1985. or by 2,6

percent per year. Defense spending., which accounts for 70 percent of

the Federal R&D total, is the ina jot cause of the projected Increase,

Industry is expected to rentain the majorperformur o f Federal research

ond development with over 50 percent of the Federal total, All

performers shores are e peeled to rennin relatively stable u il 19115.

These projections intheale a levding of R&D spending by the

Nation's universities and colleges and other nonprofit institutions,

increasing only an average of I percent peryear throughout the 1974-

85 period. Federal R&D support of these institutions is projected to

in crease somewhat f aster than non-Federal R&D support bet ween 1974

and 1985.

R&D EXPENDITURES

Bittions of 1972 dollaral

$38,2

$21.8 Universities, colleges, and

other nonprofit institutions

$1.0

- Industry-

Federal

1974 1985

ACTUAL PROJECTED

SCJECE Ncional Science Foundit ion:



INTRODUCTION

Research and d velopment is defined by the National Science

Founda lion [NSFj as intensive study directed toward fuller scientific

knowledge as well as the systematic use of this knowledge directed

toward the production of materials, devices, systems, or methods.

Since 1953 NSF has carried out a program of intramural and sponsored

surveys of R&D spending, It has become increasingly evident during

recent years that the support pattern of R&D activities within the four

major sectorsindustry, government, universities and colleges, and

other nonprofit organizationsis undrgoing a marked change, For

example, decreased emphasis on defense and space R&D efforts has

been accempanied by increased support of civilian oriented R&D

activities concernec with the numerous social problems facing the

Nation.

An examination of likely future R&D spending levels is essential

for the assess men tof long-term R&D manpower and facility needs, The

R&D projections presented here have been developed through the use

of relationships hetveen existing data on R&D expenditures and other

economic variables in industry and the Federal Government, and the

use of recent historical R&D expenditure trend information for

universities and colleges and other nonprofit institutions,

The 1985 estimates of total R&D spending in the economy were

determined by sepa ralely projecting R&D spending of each sector fl

then surnrning each of the sector projecnons, Projections of R&D

16

spending in the private sectors exclude expenditures on federally

sponsored R&D projects, Within the industrial sector, essentially the

only non-Federal source of R&D spending is industry's own funds;

these were projected separately. Within the university and college

seetor, the non-Federal sources of R&D spending are industry,

nonprofit, and 6 institutions' own funds; each source was projected

separately, Within the nonprofit sector, the two non-Federal sources

are industry and nonprofits' own R&D money; once again each of these

sources was projected separately. Projections of Federal R&D

expenditures were computed on the basis of total FederalR&D outlays,

without regard to the sector in which the work is actua]ly performed.

The major considerations and related assumptions associated

with these projections are summarized in the following table, Also

shown are sensitivity measures of these projections as they are

affected by the various assumed parameters. These sensitivity

measures show likely changes in the final projection s, assuming a

change in only one variable, while holding all other variables

unchanged,

For some additional insight into projections of R&D spending, the

reader is referred to Charles E. Falk, "Dynamics and Forecasting of

R&D Funding," Toe hnologi ca 1 Forecusting and Social Change, 1974.

17



Summary of Projections Methodology

Factor Assumptions/Methods Rationale Sensitivity

A. Industry

1. Industry R&D/Saks ratios

a) Drugs and medicines

Machinery

Electrical equipment

Scientific instruments

All other manufacturing

industries

b) Industrial chemicals

Other chemicals

Motor vehicles

Aircraft and missiles

Optical and other instruments

2. Sales deflation

3. Industry sales

a) Product vs. industry basis

hi By 4-digit industry

cl Enterprise vs. establishment

basis

d) R&D performers vs. non-R D

performers

Industial R&D growth is proportonal to sales

growth. It is assumed that the ratio crf 2%,

which has been relatively level for the last 15

years, Will hold for 1986 for manufacturing

industries total,

Projections vf 1985 ratios were based on trend

analysis of 1967-74 data.

Projections of 1985 R&D/sales ratios were

based on expectations of officials within these

industries.

Conversion of sales projections to constant

dollars assumes an inflation rate of 4.6%

annually between 1974 and 1985.

Product and industry shipments would

increase at same rate between 1974 and 1988.

All induotries f or which sales estirriates are not

available 115% to 20 % of the total) would

increase at the same rate as those for which

sales estimates are available,

Enterprise and establishment sales would

increase by the same relative rates between

1974 and 1985 es they did between 1958 and

1967.

Sales of both groups would increase at th

same rate between 1974 and 1985,

Historically, variatians in R&D/sales ratios

have stayed within + 10% of the 2%

average.

Analysis provided results 'ander to expecta-

tions of officials within these industries,

Regression resulted i n ratios considered to be

unreasonable by industry R&D officials.

Assumption was based on Covernment

(Bureau of Labor Statistics and Department

of Commerce) estimates of inflationary

trends,

Historically, product and industry shipments

have changed at about the same rate

Historical data covering the 1E47 period

show both groups increasing at similar rates.

Historical data covering the 1 87 period are

the latest available data,

Historical data for the 1958-67 pedod show

les of both groups increasing at similar

rates.

10% change in ratio in 1985 results in 5% varia

tion in total Rao funding,

10% change in ratio in 1985 results in variations

'in total R&D funding as follows:

Drugs end medicines 02%

Machinery 3%

Electrical equipment .13%

Scientific instruments 0

All other manufacturing .9%

10% change in ratio in 1985 results in variation in

total READ funding as follows:

Industrial chemicals

Other chemicals

Motor vehicles

Aircraft and missiles

Optical and other instruments

,2%

,2%

10% change in 1974=85 rate of infletion result in

2% variation in total RErD funding in opposite

direction.

10% change in rate of growth between product

shipments and industry shipments results in

variations of tottl R&D funding of 0.2% in 1985.

chonge in grawth results in variations of

total R&D funding of 0,3% in 1985.

10% change in tate of growth results in variation

in total R&D funding of 1:6% in 1985:

10% change in rate of growth results in varia=

tion of total R&D funding of 1,6% in 1985.



SLIM mry of Projec lone Methodology Con,

Factor Assurnpto ns /Methods Rationale Sensitivity

A. Industry Con,

4, Non.manufacturing R 50 R&D funds would be 3% of manufacturing Regression results in 1 ratio bonsjdored 10% change In ratio results in variation of total

B. Federal Government

total in 1E5, based on trend regression of

1957-74 data,

Federal R&D proportional to Federal pur-

reasonable, based on growing II8D involve

rnent of nonrnanufacturing firms,

REtD is a purchased service. A comparison ol

RED funding of 01% In 1935.

10% change in Federal purchases of goods and

chases of goodoand services, Federal purchases and RbD funding shows

strong correlation over 195945 period

services results in variation of 6% In total R&D

funding in 1

G. University and College Non.Federal sources would increase to 1985 Studies of universities' financlell conditions 10% change in rate of growth results In essential.

D. Oth r Nonprof it InstItutlom

at the 1972-75 annual rate,

Non. Feder al snuircas would remain lev I

support assumption for universities own

funds; industry and nonprofit based on past

trends,

R&D funding from non.Federal ourcis for

ly no variation In total R&D funding In 1

10% change in rate of growth results In 1

between 1974 and 1985 1968.75 period indicates leveling off ground

the 1974 amounts.

variation In total R&D funding In 1985.

20
3
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22

TOTAL R&D

In 1974 the combined R&D expenditures of all sectors of the

economy totaled S32.3 billion, the highest level of spenthng for

research and development ever recorded. In constant dollam as

measured by the use of the GNP price deflator, there has been a

percent average annual decrease from The peak reached in 1968,

The next 11 years are expected to show a gradual turnaround in

this trend with national R&D expenditures averaging a 2.9 percent

annual growth through 1985 lo $38,2 billk in terms of 1972 dolhir$,

To d monstrate how changes in the level of R&D investment

compore to total economic activity in the United Stales, RC

expenditures are shown as a percentage of the GNP over time, Since

1964 the ratio of U.S. R&D expenditures to the GNP has shown n

gradual dechne from 3.0 percent, reachi4 143 percent in 1974, Th$

decline is prr4ected to continue, reaching ZD percent in 1905.

As shown in the fiThrl, nil mous of RC) funding are projected In

increase between 1974 ond 1985, with the Our gains registered by the

Federal Government and industry. R&D fending by universities and

colleges and other nonprofit institutions n sxpected to increase only

slightly between 1974 and 1985.

In the sections that follow, individital sector projections ctini .

pris4ng these national estime les and the4 respective methodologiS8

are described in detail,



Total REtD funds , by source: 1 53-85
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INDUSTRY

R&D expenditures from industry's omin funds ore expected to total

$17,6 billion in 1085, mensured in terms of constant 1972 dollars. This

amount, when compared with the level of company-funded research

and development in 1974, represents on increase of 46 percent, or an

average annuol growth at 3.5 percent between 1974 and 1985 (table 23.

These projections were arrived at through two approaches
applying similar methodologies to two sets of data. In the first, R&D
expenditures of all manufacturing industries were treated as a single

entity and their projected totals were added to totals for all
nonnumulocturing industries. Then, to provide further insight into
individual manufacturing industries and to serve as a check on the
results obtained in the first methodology, individual projections were
made fm the largest R&D-performing industries and the remaining
smaller performing industries as a group. These totals were then added

to the estimates for nonmanufacturing industries developed in the first

methodology. As will be demonstrated, both methodologies produced

comparable projections for R&D expenditures for 1985.

Roth sets of projections of industry research and development
include only those R&D activities performed within industrial
laboratories with industry's own money. Industry R&D support
provided to universities and colleges or other nonprofit institutions is
included with the projections for the university and college and other

nonprofit sectors.

The flow chart identifies the major steps taken to arrive at 1985

industry R&D estimates.

26
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Manufacturing

The basic methodology for projecting manufacturing industry's

R&D spending was to apply a 1985 estimated R&D/sales ratio for all

manufacturing industries to 1985 estimated sales data for those

industries. This technique was repeated for individual two- and three-

digit industries' and yielded data consistent with the totals obtained

by projecting total R&D data for all manufacturing industries ($17.1

billion for the former and $17.4 billion for the latter),

Analysis of survey data spanning a period of more than 20 years

reveals a positive correlation (0.9) between the amount of industry

money spent for research and development and industry's net sales,,

For example, between 1967 and 1974, the ratio of R&D spending to net

sales for all R&D-performing manufacturing companies has ranged

between 1,9 percent and 2,2 percent. When looked at by individual

industry, this ratio has also remained relatively constant.

Even when examined back to 1960, the company-funded

R&D/sales ratio for all R&D-performing manufacturing companies has

remained at about 2 percent [table 3). A lack of comparable data for

individual industries prevents examination of the ratios prior to 1967.

The U.S. Bureau of the Census, however, has classified each company's

total R&D activities since 1967 into the one-industry category

representing the company's major business in 1967,

Based on the Standard Industrial Classification (SIC) industry codes:

See Niationid Science Foundation, Research und Development in IndusHT (Washington,

DC. 0402: Suit of Docuttle* U.S. Government Printing Office), published Annuolly.

DEVELOPMENT OF R&D/SALES RATIOS FOR 1985

In the first set of projections, R&D/sales ratios for all manufac-

turing industries during the 1960-74 period were found to vary no more

than 10 percent in either direction from a 2-percent average. In view of

this stability evidenced over time, it was assumed that this ratio would

still be applicable in 1985.

Projections utilizing individual industry data were computedfrom

data on R&D expenditures and net sales for the years 1967 through

1974. The linearity of the relationship between these two factors is

demons trated by the figures in the chart, Based on these observations,

the 1967-74 data were extended by industry to 1985 to obtain ratios for

that year. For the drugs and medicines, machinery, electrical

equipment, scientific instruments, and all other manufacturing

industries, the 1967-74 ratios varied only slightly around the averages

for those years. These averages resulted in ratios which industry R&D

officials accept as reasonable expectations for the actual ratios in 1985

(table 3),

Examination of projected ratios for other industries and dis-

cussions with company R&D officials concerning future R&D spending

in their industries, however, lead to the rejection of the average for

industrial chemicals, other chemicals, motor vehicles, aircraft and

missiles, and optical and other instruments industries. Linear trend

regression was used for each of these industries to obtain 1985 ratios

but was rejected in all cases. For example, linear trend regression

would lead to a ratio of zero in industrial chemicals, by 1993, in other

chemicals by 1991, and in aircraft and missiles 14 1988, In the motor.
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vehicles and optical and other instruments industries, unrealistically

high ratios would be obtained. For all these industries, therefore, it was

necessary to choosealternative projection techniques. The one chosen

is subjective but reflects information and opinions of R&D officials in

these industries.

In the industrial chemicals industry, it was observed that

cutbacks in R&D spending between 1970 and 1972 caused a decrease in

the R&D/sales ratio over this period from 3,6 percent to 3.2 percent.

Between 1972 and 1974, however, the drop in this ratio to 2,7 percent

was largely due to major increases in sales and not to further cutbacks

in R&D expenditures. In fact, R&D spending in this industry rose about

15 percent over the latter period as measured in constant dollars. With

the current and anticipated energy and materials shortages, R&D

officials in this industry foresee an increased dependence on research

and development over the next decade. Estimates by these officials of

R&D sales ratios ranged between 3.5 percent and 4.0 percent by 1985.

On the assumption that company R&D officials may be somewhat

optimistic in their forecasts relating to an activity they supervise, the

lower of these estimates was used to approximate the 1985 ratio.

In the other chemi als industry, company officials interviewed by

NSF staff anticipate increased emphasis on research and development,

resulting in expectations of gradual increases in the R&D/sales ratio to

between 1.8 percent and 2.2 percent in 1985. Using the same

assumption regarding company expectations as in the industrial

chemicals industry, the lower of these estimates (1.8 percen j was used

to approximate the 1985 ratio.

10

Within the motor vehicles industry, company R&D officials expect

the R&D/sales ratio to increase slightly over present levels, This is

based on the assumption of increased R&D emphasis on energy

conservation and pollution abatement. Assuming optimism on behalf

of these R&D officials, the 1974 ratio of 3,0 percent was used to

approximate the 1985 ratio,

Similarly, within the aircraft and missiles industry where total

(and Federal] R&D funds dropped sharply in 1970, a number of Federal

programs suggest some increases in this industry's R&D activity over

the next decadethe B-1 bomber, the Trident missile, the space

shuttle, etc. R&D officials expect the R&D sales/ratio to reach at least

3.5 percent by 1985 and perhaps even 4,0 percent. It was felt that the

lower of these estimates would approximate the 1985 ratio.

The same basic principle was employed in the optical and other

instruments industry. R&D officials expect only modest growth in this

ratio over the next decade. Accordingly, the 1974 ratio of 5,1 percent

was used as the 1985 approximation.

Even though the 1985 R&D/sales ratios for some individual

industries represent only informed estimates, the application of all

these individual industry ratios to sales estimates results in an all .

manufacturing ratio of 2.0 percent, the same ratio obtained earlier

when data for all manufacturing industries were projected as a group,



DEVELOPMENT OF 1985 SALES ESTIMATES FOR

R&D.PERFORMING MANUFACTURING COMPANIES

The 1985 sales estimates of R&D-performing triontifacluring

companies are based on data contained in the Department of Commerce.

publication, U.S. Industrial Outlook, 1978, The amerce sales
estimates are in current dollars and are based on their current dollar

1985 GNP estimate of nearly $3.6 trillion. In constant 1972 dollars,

they estimate $1.9 trillion, the same constant duller GNP as projected

by the Bureau of Labor Statistics (131,S) for 1985, The estimated rate 01

inflation which results from a comparison of these current and

constant dollar GNP estimates is 4,6 percent annually between 1874

and 1985. This is consistent with the rale of GNP inflation estimated

by BLS' and the Office of Management and Budgeu The hitter

estimates an annual inflation rate of 5 percent a year between 1974 and

1981. However, the later years are estimated at about 4 percent. It

should be noted that the Department of Commerce does not have a

written methodology available on which their sales estimates are

based, so it was impossible to assess the factors which were used in

making these sales projections,

Ron these sales data, constant dollar average annual growth

rates between 1974 and 1985 were developed for each industry. The

following assumptions were made in developing these estimates:

1. 11 was assumed that product shipments5 and industry

shipments, would increase between 1974 and 1985 et the same rote.

The sales projections in the Commerce report were made on a 4-digit

industry basis1 and represent, for most 4-digit industries, the value of

3 Department of Labor, Bureau of LahorStat ist los, Monthly Lolior beim illtoshimpon,

April 19761,

Executive Office of the president, Tho Budget of the United Stoles Covernmeut, Nail Year

1077 (Whshinglon NC: Saw, of Documents. 11,S, (iovernment Printing Office, 19761,

Product shipments include the Woe of individual products shipped irtespective of the

industry code of the establishment shipping them,

Industry shipments inehule not only the output of o plant of products classified in the

industry jprimary products} but ol products classified in other industries os well !secondary

products),

The sales projections for R5D-performing nianukcluring componies ore based oh 2-and 3

digit industries: A 4-di5il industry is a subindostry to a 2- and 3-di9it industry.
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industry shipments. For some 4-digit industries, however, sales
projections were made on a product shipment basis since industry

shipment data were not available

2. It was assumed that all 4-digit industries for which 1985 sales

prapal low; were IME available would increase at an an nua l rate equal

lo the weighted overage of the 4-digit industries for which data were

ennoble, The U.S. Industrial Outlook does not make sales projections

foe allkigit industries; only the larger ones are shown, For the 2- and

3-digit industrieschemicals, machinery, electrical equipment, motor

vehicles, aircraft, and instrumentsfor which R&D projections are

being made, sales projections have been made for the 4.digit

subindustries which accounted for between 80 percent and 85 percent

of the 1974 sales of these 2- and 3-digit industries.

3, It was assumed that the rela tionship between the growth in

tin terprise9 sales and the growth in este blish mentl, sales between 1974

end 1985 would remain the some as existed between 1958 and 1967.

The U.S. industrial Outlook sales projections were made on an
establishment basis and had to be.converted,to an enterprisdasis to__

be comparable to the R&D data, For each industry, therefore, a

comparison was made for the years 1958-67 between the growth in

enterprise sales data from the Enterprise Statistics and the establish-

ment sales figures from the Census of Manufacturers,12 both published

by thef3ureau of the Census, Department of Commerce (tablet!). These

ratios were then'applied to the average annual change in Commerce

1985 sales on an establishment basis to obtain an average annual

change on an enterprise basis for each industry.

3 In 1974 sales on n produl shipment hoses accounted [(militant 10 percent of the loInI 104

sales a, 2-digit primary metals industry accounted for virtually all of this amount.

Doh operating plant of a company is classified independently into a specific industry,

All plant4 of a company are Gann idated into one reporting unit and the Mire company is

classified into a specific; industry,

Although some data are available from the Census of Manufactures for 1972, data hat the

Entorprise Statistics for this year will nal he available until 0(1.1976,

'' Special troll-n(11i had to be givon theipctroleum refining and extraction industry (SIC 29

and 13). The CensUS sides figures for 1,956 and 1967 did not include Industry 13 (CrudePetroleum

and Natural Gast, Data for this iedustry were derived from Cohno8 of Mining data for the years

1938 and OBI. Fur those years, the solos data for the crude petroleum ond natural gas industry

were added to thCusts total for petroleum refining and related industries ISE 29),A combined

total for the two major 2-digil industries were obtained, Crude petroleum and natural gas made

up 43 percent and 44 percent, respectively, of the combined totals. It is assumed that this

rela tionship still holds.
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4. Since the sales of R&D-performing manufacturing companies

increased at about the same rate as the sales of all companies (R&D

performers and non-R&D performers) on an enterprise basis over the

1958-67,3 period, it was assumed that sales of R&D performers by

industry between 1974 and 1985 would increase at the same rate as

total enterprise soles over the 1974=75 period. The 1974-85 growth

rates for total enterprise sales were then applied to the 1974 R&D

performers sales data to obtain 1985 sales estimates for R&D-

performing manufacturing companies (table 5),

Nonmanufa during

Since historical R&D data are not available for individual non-

manufacturing industries, the =manufacturing sector was treated as

an entity. In addition, there is little in the way of projected data for

nannianufacturing industries which can be related to research and

development, The Commerce Department, while making sales projec-

[ions for some nonmanufacturing industries, did not project those

=manufacturing industries most heavily involved in R&D activities

(engineering services, commercial R&D laboratories, and electrical and

gas services). Therefore, the techniques used to project manufacturing

R&D activities based on sales could not be used for the nonrnanufac-

luring sector, Data for nonmanufacturing industries were derived in

the following manner, For the years 1967-74, ratios were computed

relating industrial financed research anddevelopment in nonmanufac-

turing industries to company R&D spending in manufacturing

industries. Linear trend regression was used to extend this ratio to

1985, Based on discussions with industrial R&D officials, and

hi Dm:linen! of Commerce, Bureau of the COSA Enterprise Statistics: 1967, Port 1

Cenral Report 011Industriol Orgonizotion (Wnshingtoo, D,C, 20402: Supt. of Documents, US.

Government Printing Of(ice, 1972),

12

considering the growing R&D involvement of many nonmanufacturing

companies, particularly in the utilities industry, this ratio of 3,0

percent was expected to result in a reasonable 1985 approximation.

This ratio was applied to the manufacturing R&D total (obtained by

summing the R&D estimates of the individual manufacturing in-

dustries) to arrive at estimates of nonmanufacturing R&D data for that

year (table 6).

Ratio of nonmanufacturing R&D to manufacturing R&D:

1967-85
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FEDERAL GOVERNMENT Federal RaD/Federal purchases of goods and servic

(Billions of 1972 dollars)

Percent
As shown in table 1, Federal R&D funding is projected in 1972

20

dollars al $19.3 billion in 1985, up 33 percent from the 1974 figure of

$14,5 billion. The major factor behind this increase is the projected

increase in defense spending by BLS. Defense spending accounts for 70

percent of the Federal R&D total. The 1985 projection was derived by 15

relating historical data on Federal funds for research and development

and Federal purchases of goods and services, Through the use of

regression analysis, the resulting ratio was applied to 1985 projections

of Federal purchases of goods and services,"

Since Federal research and development can be viewed as a
purchased commodity or service, it was assumed that future R&D

funding levels are predictable when related to expected Federal

purchases of goods and services. Tb test this assumption, these two

series were compared from 1953 to 1975, the last year for which final

R&D data are available ( table 7). Each series was converted to 1972

dollars by using the GNP price deflator for Federal R&D spending and

the Federal purchases price deflator for Federal goods and services

(FGS) before the two series were related.15 The GNP price deflator

, whi !! daral-R&D.spending-is-not-used-to-eonvert

Federal purchases of goods and services from current to constant

dollars since Federal purchases of goods and services include many

activities other than research and development, such as defense

operations and maintenance, construction, payroll, etc which
contribute to a higher price deflator for Federal purchases of goods and

services than for the overall GNP, In the absence of a true R&D cost

index, the GNP price deflator is used to convert Federal R&D spending

from current to constant dollars, While the GNP price deflator includes

the effects of price changes for all goods and services in the economy, it

is considered a reasonable indication of changes in R&D costs,10

.11 Deparlmont of Labor, Bureau of Labor Statistics, Monthly Labor Review, op, ell,

n The GNP and GCS price deflators II re developed by the Deportment of Commerce, Bureau .

of &anionic Analysis, Survey of Dorreot tiusiness iWashingtoO, DC 20402; Sept, of Documenlv'

U.S. Government Printing Officel, published monthly,

11, For exumple, see Nolitmal knee Foundation, A Prin Index for Deflation of Academie

RETD Expradtores (NSF 7N1OHWeshinglon; LK, 20402: Sup!, of Documents, U,Et Government

. PrinUn Office, 1972). or Helen S. Milton, "Gast of Research Index, 1920-1970," RAC4P4O0,

McLean, Vo,: Research Anolysie Corporation, kily 1971,
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The relationship between Federal R&D spending and Federal

purchases of goods and services has remained relatively constant at 15

percent since 1960. The increase from 1962 to 1965 to over 17 percent

was attributable to heavy short-term Federal R&D investments in

space activities. During this period, the National Aeronautics and

Space Administration's [NASA) R&D spending increased by a factor

of 4,

From the data in table 7 a scatter diagram was prepared to

determine the nature of the relationship between the two series, By

eliminating outlier data for the years 1953-55, the relationship for the

remaining years can be described by Federal R&D expenditures (y) = a

log Federal purchases of goods and services ix) t b. The slope, a, =

50.299 and the intercept, b, = -86,269; the coefficient of correlation r,=

,81. The estimating equation line has been plotted on the scatter

diagram,

By eliminating data for earlier years, the relationship between the

two series could change. For example, if 1953-59 data were eliminated,

when Federal R&D

relationship could take the form of y ax b, or y a log x + h. Since the

resulting equations had somewhat lower correlation coefficients, they

By using only data from 1987 on, the relationship takes the form y

ax b, yielding an estimated Federal R&D figure of about $9 billion for

1985. Even though this lime period results in an estimating equation

with a higher coefficient of correlation, it was discounted because of

the limited time period covered, and because of the unrealistically low

Federal R&D result for 1985,

BLS has projected Federal purchases of goods and services to 1985

in 1963 dollars.I7 When converted to 1972 dollars, the BLS estimate is

$125.5 billion. At first glance, this estima te may appear somewhat

high. Between 1975 and 1985, BLS estimates these expenditures to

increase by nearly 3 percent per year. This follows the 1968-75 period

when Federal purchases of goods and services experienced an average

annual decrease of 4 percent a year,

1' Department of Labor, Serena of Lobar Statistics; Monthly Labor Review, up, cit.

14

However, BLS expects a turnaround in defense spending begin-

ning in 1976 and continuing for at least the'next 10 years, Defense

spending accounts for 99 percent of Federal purchases of goods and

services, and defense cutbacks between 1968 and 1975 were the

primary cause behind the drop in Federal purchases of goods and

services during that time. Increases in defense spending over the next

decade are expected to be the major factor behind the projected

increases in Federal R&D spending,

These BLS expectations are consistent with information shown in

the fiscal year 1997 budget of the U.S. Government. Forecasts of

defense outlays, which have a .99 correlation with defense spending

over the 1969-75 period, show a 3-percent constant-dollar average

annual increase between 1975 and 1981 with emphasis on increased

surface/naval capabilities, continuing modernization of equipment,

and development of a new ICBM. It should be noted that data after

fiscal year 1977 are long-range plans of the Government. Between

fiscal years 1979 and 1981, these plans call for an average annual

increase of 4 percent in defense outlays,

App I yin s-esti mate-of1-12-H-bil on.tothe-es ti ma ting-equati on

results in a 1985 Federal R&D estimate of $19.3 billion, or 15.4 percent

of Federal purchases of goods and services during that year. The

relationship between Federal R&D spending and GNP would continue

to decrease from 1.2 percent in 1975 to 1.0 percent in 1985. Using a

different methodology, which has been updated to include data since

1972, C. E. Fall°, arrived at a somewhat lower 1985 Federal R&D

estimate of around $15 billion by assuming a constant-dollar leveling

in defense spending after 1977. On the other hand, if overall Federal

R&D spending increased to 1985 at the 1975-77 currentqlollar rate of 10

percent annually and then converted to 1972 dollars,19 Federal R&D

spending would amount to around $24 billion in 1985.

In Charles E. Falk, "Dyndmir$ and Forecasting of R&D Funding," Teci.)nalogical Forecasting

and Socini Change, 1974.

I, Assumes inflation rate 014,6 percent annually. See page 11 fordiscussion on &derivation

of this rote,



Distribution by Performer

Once the Federal R&D total for 1985 was

determined, a step that went beyond the

Federal R&D projectiOns was undertaken.

This step p!tempted to dis tribute the Federal

R&D total among the sectors where the work

is to be performed. It should be noted that the

distribution of Federal R&D spending by

performer has no effect on the total national

R&D effort. it is useful, however, in giving an

indication of where this Federal money is

likely to be spent.

As shown in table 8, the distribution of

Federal R&D spending was examined over

the period 1953-76. The distribution of

Federal R&D funding in the early fifties was

undergoing dramatic change, particularly

that jortion ofyederal research and develop-

ment performed within Federal laboratories

and industry. This shift between industrial

Government intramural performance oc-

curred.when the Federal Government began

to look beyond its own laboratories to

industry as a source of research and develop-

ment, Before World War II, the Federal

Government carried out its research and

development almost entirely in its own

laboratories. -In response to war-generated

needs, a number of Federal agencies,

primarily the Department of Defense [DOD]

and the Atomic Energy Commission (AEC)

began to expand sharply their contracts with

organizations in the private sector, Because

this produced a substantial change in the

pattern of distribu tion of Federal R&D funds

among sectors, it was decided nut to use the

1953-56 data in the analysis.

43

Percent

75

45

Distribution of Federal R&D funds, by

0

1953545656576Me0 6162&36456666758 7O7172774751976

SOURCE; National Science Foundatipn.

Industry

estimated

Federal intramural

estimated

Universities

estirnated

University-associated

FFROC's estimated

Other nonprofit

estimated

15

44



Tbe data from table 9 were analyzg For Federal intramural R&D performance,

29.yeariklong,Lcatittualiouilhtl1 ear_ li e .series

trends, use of linear extrapolation seems results in a level of 33 percent of the total,

unsuitable for several reasons,The fractions Since 1971., however, Federal intramural

of Federal R&D funds going to universities
performance has remained fairly coliSiallt

and colleges, other nonprofit organizations, and has averaged 28 percent over this period,

and Federal intramural efforts have remain, It was assumed that this ratio would remain

ed relatively constant over the 1967.76 constant in 1985! The university and college .

period, particularly in the latter part of this associated Federally Funded Research and

interval, There are no indications that these Development Centers IFFRDC'sj Federal

recent trends will change. Consequently, it R&D performance is estimated to be 5

was assumed that these proportions would percent of total Federal R&D spending for

be the same in 1985 as they were in 1976. 1985, This ratio was based on the historiCal

ThiS automatically has the effect of also relationship between Federal R&D perfor.

Maintaining the share ofFederal R&D fonds mance of universities and their associated

going to industry at the 1976 proportional FFRDC's during the 1967-76 period when

level, thus ending a long-term decline. This Federal R&D. spending in university and

cllange in trend is quite consistent with the coIlege-associated FFRDC's averaged less

expeeted increasing involvement of industry than one-half of Federal R&D spending in

in Federal energy and defense R&D universities and colleges,

programs,

Since Federal R&D funding at nonprofit

institutions historicall has been slightly

lower than that of university-associate

FFRDC's, their Federal effort was estimated

at 4.5 percent of total Federal R&D spending

for 1985!

The amount attributed to university- and

college-associated FFRDC's and nonprofit

institutions was obtained by subtracting

the amount estimated for the other sectors

from the projected Federal R&D total, This

resulted in a 1985 level for these two sectors

of 9,5 percent.

The adjusted 1985 distribution was

applied to the Federal R&D totals to obtain

Federal R&D performer data for that year

(table 9).
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UNIVERSITIES, COLLEGES, AND

OTHER NONPROFIT INSTITUTIONS

These two sectors perform a small but vital role in the Nation's

total R&D effort, In terms of the type of activity undertaken, they

account for nearly 70 percent of the total basic research performed in

the United States. In terms of the level of funds provided for research

and development, however, the combined funding from all non-Federal

sources in these two sectors accounts for less than 5 percent of the

to tal. For this reason, projected R&D expenditures for universities and

colleges and other nonprofit institutions will have a small impact on

national R&D projected amounts.

Universities and Colleges

Recent developments in the financial situation of universities and

colleges in general have become a cause for major concern among both

private and public institutions of higher education. For example, a

recent special report by the American Council on Education states,"the'

overriding conclusion from the present study and earlier evidence is

that progressive deterioration has been occurring in the financial (4

conditions of higher education as a whole in recent years. Furthermore,

the process of decline appears to have accelerated during the past three

years under the joint influence of inflation and recession in the national

economy,"22 Another study found that "Among universities, major

research institutions appear to have been hardest hit by cutbacks in

public funds,"23 The reduced rate of growth in R&D support is a product

of these developments.

"

R&D funds provided to institutions of higher education are

proj eeted-to-inerease-to-Pr2---biltion-in4985rirr49*dollafar4rom-t-he----Wfth-rega-rd-tn-the-tfriee-nnnqed R&DfundrirrHun
1974 level of $2.6 billion [table 2]. universities and colleges, which include nonprofit institutions,

industry, and institutions' own funds, analysis of the R&D spending

patterns over the 1970-75 period in terms of constant 1972 dollars

show that most of the growth in the non-Federal sources of R&D funds

took place prior to 1972 (table 10). Since that time, the rate of growth

slowed considerably before increasing again in 1975, Based on these

recent trends and on analyses of the financial condition of universities

and colleges, such as those cited above, the 1985 level of R&D spending

in universities and colleges with non-Federal funds were projected at

the 1972-75 average annual growth rate.

The relation between R&D expenditure trend data and selected

indicators of campus activitiessuch as graduate enrollment,
educational spending, or doctorate production in the sciences and

engineeringwas initially examined as a means of projecting R&D

expenditures for this sector, For example, both graduate enrollment

and doctoral production in science and engineering fields are projected

to decrease slightly between 1973 and 1985 if recent trends continue,20

while educa tional spending is expected to increase in constant dollars

by 1 percent annually between 1975 and 1985,21 However, based on the

rela tive small size of university R&D spending as compared to overall

U.S. R&D spending, it was decided to use historical trends in

university R&D spending as the basis for these projections,

x National Science Founthil ton, Projections of Degrees ond Enrollment ii Svienet, rind

Eogimoidoe Fields lo Da15 INS!' 70-;3011 (Washington, D,C, 20402: Supt. of Documents, D,S,

Government Printing Office, 19791,

" Depart moil Mannerist, LS, Industriol Minch; 1076 (Washington, DC. 2902: Supt, of

Documents; US, Government Printing Office),

LykH Lanier ond Charles! Anderson, A Study of the Financial Condition of Colleges and

Llinvorsil los: 1972.1 975, (Washington, D.C,t Amer.ican Council on Education, October 1975); p.

75,

2j National Commission on the Financing of Postsecondary Education, Financing of

Po8iflocondory Educo tion in the United Slates (Washing ton, D.C. 20402:Supt. of Documents, U.S.

Government Printing Office, December 1973),

17



Other Nonprofit Institutlo

Nonpro it institutions are expected to spend, as measured in 1972
constant dollars, $1.3 billion in 1985 on R&D activities (table 2). This is
up from $1.1 billion in 1974. The Federal Government, which financed
slightly more than two-thirds of the nonprofit 1974 total, is expected to
account for a slightly higher share in 1985.

The two non-Federal sources of R&D funds in nonprofit in-
stitutions include industry and other nonprofit institutions. The R&D
spending patterns of these two sources were analyzed over the 1968-75
Period in terms of constant 1972 dollars (table ii). Over this period,
R&D spending by the two non-Federal sources of R&D funds has
remained relatively level. Based on this factor, the 1985 R&D estimates
were maintained at the 1975 amounts.
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Table 1e-Tolal RAD funds, by aburCe

fMillicns o1 1972 dollars)

Federal

Year Total Goveirrnent Industry

Unlver. Olhar

sllies nonprofit

and lash-

colleges kittens

-

1974 , , $27,615 $14541 $12,266 $579 $429

1985 . . . 30,210 191290 17,830 640 490

A veroge annoal rale of growth:

1974,85 2 FA 2 Wo 3,5% 1.0%

Source: National Science Foundation:

Table R&D lunch, by performer

'Millions of 1972 dollars]

retleral

9i)verrintent Industry Uriversities and oolle

Source Sources

University and

college asso-

ciated FFRDC's

Other nonprofit

institutions

Federal Federal

Tclat Govern- Govern-

7(04r Fi4D Itl menl Total rnent Indtlefry ot

Federal

Govern.

Tient

Sources

Unlver-

Indus- sities

try collNes

Non-

profit Total

Govern=

ment

Federal

Govern,

Total Merit

Indus.

Iry

Non,

profit

1974 , 127 :15 $A.14.4 $4,144 $19,250 $7,170 $12,080 $Z690 $1,750 $83 $579 $1 113 $744 $744 1,077 $733 103 $241

1985 ,, 3fP4C1 540.0 5,400 27,330 9,740 17,500 3,330 2,310 140 640 240 965 965 1,215 675 100 240

Ave rgy aI17uølratt

of !growth:1974=g 2ik 2:41) 2,4% 32/0 2,8% 4,93 .9% 2:2% 2.4% 2,4% 1,11% 1.61,lo -3D/0 0

SoAlfca: SciehoePoindatiorr:
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Table I-Industry- inaneed R&D/sales ralliw

Industry 1967 1971 1972 1973 1974 1905

All manufacturing . 2.1
_

2,1 2.2 2,2 2. 1 2,0 2.0 1,9 2.0

Chemicals:

I ndust

Drugs and medicine

, 3.9 ae

7.1

3.6

7 1

3.6

7.5

3,3

7.4

3.2

7.2

3.0

7.2

2.7

7,2

3.5

7.3

Other 2.1 2.0 1.9 1,7 1.8 1,7 1.6 1 4 1,8

Machinery 3,2 3,1 3 3 3,3 3.2 3.2 3.4 34 3.3

Electrical equi pment 3.5 3 7 3 6 as 3 6 3.6 3.6 38 3,6

Melor vehicles 2.5 2.3 2.5 2,6 2.6 2.6 2:7 3 0 3 0

Aircraft and missiles ... 4.0 3.7 4.2 3.7 3 3 3 2.8 28 3,5

Instruments;

Selentillc ...... 2.5 2 6 2.3 2 4 2 6 2 7 2.4 2,4 2,5

Optical and other 3.9 4.1 4,4 4.5 4.9 4,9 5.1 5,1 8,1

All other manulaclu ring 8 .8 .8 3 .7 .8 .7 .78

Note: All manufacturing R &D/salea ratios for 1900 to 1 989 wereas lollows: 1960, .Opercenti 1961, 1.8percent; 1982, 1.1percen t

1903, 1.9 percent; 1964, 2,0 percent; 165, 2,0 percent; and 196, 2.0 percent,

Source National Science Foundation.

Table 4,-En lerplaefestablishrmen I sales comparisons

[ Dollars in nil Wel

Enterprise Establishment

Industry 1988 1967

Annual

percent

change 1958 1967

All manufacturing , 036,135 5 81,012 -- 3336,361 W4,854

Ch ern icals 21, 0o7 39,802 -- 23,1 29 42,148

I ridustrial ; 11154 21,281 7.44 1 1,780 21,417

Drup and medicines , . , 2,794 4,973 6.61 2,978 5,302

Olher 7,859 13,543 6.23 8,371 15,429

Machinery 23.159 47, 122 8.21 22,793 48477

Electrical equipment 21,665 51,646 10.12 19,548 43361

Motor vehicles 22,824 47,056 8.37 25,073 47,446

Airora1 end m issiles , : : :
15,412 33,383 8.97 18903 3Q332

Instruments 4,779 11,335 4419 9907

Salentine 1,852 3,218 8.32 1,839 3074

Optical and ether I 2,927 8,119 12.60 2,580 8,833

All other manufacturing 227,269 350,718 4.94 228,491 353,181

Annual

percent

change

Enterp rise

change/

establishment

chance

--

687

6,62

7.02

1 1161

1 60

8.74 ,94

9.26 1,09

7,35 1.14

8,71 1,34

5.78 163

11.43 1 05

5.0

Note - represents not applicable:

Source U.S. Department ol Comm roe,



Table,5.--Ssles estimates: 1985

(Millions of 1972 dollars]

Industry

197415 197415

annual Enterprise annual

percent change/ percent

change establish- change

(establish- ment tenterprise

ment basis) change basis)

Sales ol R&D

performers

All manufacturing .

Chemicals , 02 100.649

Industrial 3 74 1.08 4.04 35189

Drugs and medicines , 3 61 1.00 3.61 8,820

Other 4,82 .89 4.29 21,393

Machinery . 3.83 4 3.60 54,630

Electrical equipment 2.02 119 2.20 68,698

Motor vehicles 227 1.14 2.59 60901

Aircraft and missiles . -5 84 1.34 495 36,528

Instruments 15,941

Scientific 5,45 1 08 5.89 3,694

Optical and other , 3.44 1 05 3,61 12,247

All other manufacturing 98 2 97 341,414

54,101

12,290

33,958

80,610

87,79

60.683

23ffi 7

25,023

6,833

18,090

471,085

Note: -- represents not applicable.

Source National Science Foundafion Bnd US Department of Commerce,
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Table 8,Industry R&D estimates: 1974-85

!Millions of 1972 dollars]

Industry 1974 1985

All industries ... $12,082 $17,590

Manufacturing 11,811 17,000

Chemicals . 1,850 3,410

Industrial 965 1900,

Drugs and medicines .. 600 900

Other , 285 610

1,836 2660Machinery . ,

Electrical equipment 2,503 3,140

Motor vehicles . , 1,814 2,420

Aircraft and missiles 1,008 830

Instruments 709 1,090

Scientific . , 87 170

Optical and other ,.., 622 920

All other manufacturing 2091, 3,530

Nonmenufecluring 271 510

Source National Science Foundation.
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bble 7.-Federal R&D/Federal goods and rvIces: 19534 6

[Dollars In rnillionsl

Current dollars Price deflator 1972 dollarS

Year

Goods and

services R&D

Goods and

services R&D

Goods and

services

R&D/Goods

R&D and services

1953 .... $57.5 $2,759 50.2 58 88 $114.6 $4,696 4.1

1954 . 47:9 3,138 50.3 59,69 95.2 , 5,5

1955 . 44.5 3,509 51.2 60.98 86,9 5,754 6,6

1956 45,9 4,859 53,4 62.90 85,9 7,725 9,0

1957 50.0 6,119 55.7 65.02 89,6 9,411 10,5

1958 53,9 6,791 56.1 66.06 92.8 10,290 11.1

1959 53,9 8,059 58.7 67 52 91 8 11,036 13.0

1960 53 7, 8,752 59.1 68 67 90.8 12,745 14.0

1961 57 4 9,264 60.0 69 28 95.6 12,372 14.0

1963 63,7 9,926 61.8 70.55 103.1 14,089 13,6

1963 64.6 11,219 63:2 71 59 102.2 15,671 15.3

1964 65.2 12,553 65.1 72.71 100.6 17,264 17.2

1965 67.3 13,033 67.0 74.32 100.5 17,536 17.4

1966 .. 78,8 13,990 70.0 76.76 112.5 18,228 16.2

1967 90,9 14,420 72,5 79.02 125.3 18,349 14.6

1968 98.0 14,952 75 4 02.57 128.3 18,108 14,1

1969 97,5 14,914 80 0 86.72 121.8 17,158 14.1

1970 95.6 14,764 56,4 91,36 110.7 16,160 14,6

1971 ....., 962 14,982 92.6 96.02 103.9 15,603 15.0

1972 .. 102 1 15,887 100.0 100.00 102,1 15,887 15.6

1973 102,0 16,437 106.1 105,92 96.1 15,516 16.1

1974 111 7 16,897 117.6 116.20 95.0 14,539 15.3

1975 . 12a2 18,577 130.6 125,31 94,3 14,730 15.6

Sources: Nalional Science Foundation and U.S. Department ot Commerce.

58

Table 8.-Percen1 dletrlburlon of Federal research

and development; by performer 1953-18

Year

Federal

R&D

total

Federal

intramural Industry

Univer-

sities

and

colleges

University

and college

and asso-

ciated

FFRDC's

Other

nonprofit

Insti-

kittens

1953 ., 100,0 366 51.8 5.0 4.4 2,2

1954 100,0 32.5 55,8 5.1 4.5 2.1

1955 . 100.0 25.8 62.1 4.8 5,1 2.1

1956 100,0 21.4 68,5 4.4 4,0 1,7

1957 100,0 19.9 70,8 3.7 3.9 1.6

1958 100.0 20,2 70,1 3,7 4 3 1.6

1959 100:0 20.3 69.9 3.8 4,2 1.7

1960 . 100,0 19.7 69.5 4.6 4,1 2.1

1961 100,0 20,2 67,4 5.4 4.4 2.6

1962 100.0 21,1 64.8 6.2 4,7 3.1

1963 100,0 20.3 64,8 6.8 4.7 3.4

1964 . .... 100.0 22.6 61,5 7.3 5.0 3.6

1965 ... 100,0 23.7 59,4 8.2 4.8 3.5

1966 .. .... 100.0 23,0 59.8 9.0 4,5 3.9

1967 100.0 23,6 58,0 9.8 4,7 4.0

1968 ... , , 100,0 23.4 57.2 10:5 4.8 4.1

1969 . 100 0 23.5 56.7 10,7 4,9 4.3

1970 100,0 2E1 52.7 11,2 5.0 5.0

1971 100.0 27.7 51,2 11.5 4.5 4.8

1972 . 1000 28.2 50.7 11.6 4,8 4.7

1973 . 100,0 28.1 50,0 12.4 5,0 4,5

1914 100.0 28,5 49.3 12.0 5.1 5.0

1975 .. ...,... 100:0 28.5 49.3 12.3 5,3 4.6

1976 . . 100,0 27.8 50.7 12.2 5.4 4.0

Linear extension

1985 . . 100.0 33.1 18.2 5.8 6.8

Linear extension

adjusted

1955 , 100.0 2E0 50.5 12,0 5:0 4.5

Note: Detail may not add to total because ut rounding,

Source: National Science Foundation.
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Table 'laNon-Federal expenditures fel research

apd development at unlvermes and colleges,

by source; selected years

[Millions of 1972 dollars]

Yeer Total industry

Universi-

lies end

colleges

ether

nonprofit

insti-

lutions

1966 . , $591 $55 $395 $141

1970 , , 753 67 505 181

1972 838 75 576 187

1973 846 81 576 189

1974 ......,, 850 53 579 185

table e,Federal research and development, by performer
1975 ., 875 57 590 198

[Millions of 1972 dollars]

1985 , 1,020 140 640 240

Total

Federal Federal

Year R&D intramural Industry
. _

Univer- University Other

si6es and college nonprofit

and associated insti-

olleges FFRDC's tutions

ource; Nationa; Science Foundation,

1974 , $14,541 $4,144 $7,170 $1,750 $744 7 Table 11,141onfederal expendilures for research

1985 19,290 5,400 9,740 2,310 965 875 ond development at nonprofit Institutions,

by source; selected years

Source; Natipnal Science Foundation, [Millions of dollars]

Year

Other

nonprofit

insfl

Total Industry lutions

1968 , ... . , $328 $88 $240

1972 . 365 10E1 257

1973 , , 364 108 256

1974 344 103 241

1975 . 336 09 237

1985 , .... 340 100 240

Source', National Science Foundation.
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